Abstract: Two species of Chamaecyparis and six cultivars each of Juniperus chinensis L. and Juniperus scopulorum Sarg. (Cupressaceae) were subjected to random amplified polymorphic DNA (RAPD) analysis using seven primers. Unweighted pair group method with averages (UPGMA) and principal component analyses of genetic distances between cultivars showed that 42 polymorphic RAPD bands could distinguish among all cultivars and properly group them by species and genera. Where the origin of a specific juniper cultivar is uncertain, analysis of genetic distance can pinpoint close relatives. For example, we were unable to trace the origin of J. chinensis 'Alps', and we initially thought it was a mislabeled J. chinensis 'Blue Alps'. However, we found 'Alps' to be closer to J. chinensis 'Fairview' and 'Mountbatten' than to 'Blue Alps'. Similarly, 'Wichita Blue' has an unknown origin, but it had the highest genetic similarity with 'Medora'. 
Introduction
The genera Juniperus and Chamaecyparis belong to the family Cupressaceae, as do many other commonly used landscape plants (Dirr 1983 ). Species of Chamaecyparis, known as false cypresses, originate from the Pacific rim except for one species in eastern North America (Dirr 1983) . The genus Juniperus includes nearly 70 species distributed in temperate and subtropical regions of the northern hemisphere, with only one species found south of the equator in Africa (Dirr 1983) . Natural hybridization has been detected between many juniper species, as supported by morphological and biochemical characteristics (Flake et al. 1978; van Haverbeke 1968; Palma-Otal et al. 1983 ). One of the major characteristics used to separate juniper populations and species has been terpenoid compounds (Adams 1983; von Rudloff 1975) .
Random amplified polymorphic DNA (RAPD) markers have been used to assess differences among cultivars for a variety of plants from kiwis (Cipriana et al. 1996) to hemp (Jagadish et al. 1996) and conifers (Mosseler et al. 1992) . Since its first report by Williams et al. (1990) , RAPD markers have been commonly used to distinguish among plant cultivars. A more recently developed technique, amplified fragment length polymorphisms (AFLP, Vos et al. 1995 ) is yet another commonly used tool to distinguish among cultivars. Although other characteristics such as morphology and isozymes are still used, molecular genetic markers can provide higher resolution in taxonomic studies at the population or species level to distinguish among variants within plant species.
Extensive previous work with naturally occurring juniper species has found that RAPD analyses can be used to distinguish among major taxonomic sections and varieties , to place uncertain specimens into species , to support the recognition of new species and varieties (Adams 1994) , to group species (Adams and Turuspekov 1998), and to differentiate and group populations of a species Adams 1999) . So far, RAPD markers have not been used to distinguish among commercial cultivars of junipers, nor to assess the relatedness of cultivars of Juniperus scopulorum Sarg. and Juniperus chinensis L.
For some juniper cultivars, the exact origin is already known (Table 1) , and is documented in accessible publications (e.g., Evans et al. 1996) . However, for some cultivars, the origin is unknown or uncertain (Table 1) , and there may be more than one lineage propagated as a single cultivar. Cultivars may be derived from breeding or selection, and some may be very closely related, but the relatedness of common juniper cultivars has not been tested. This study is part of a larger project on diseases of juniper, but the goal here was to identify host plants to attribute disease susceptibility or resistance to the correct cultivar. The objectives of this study were to investigate the ability of RAPD markers to discriminate among cultivars of J. chinensis, J. scopulorum, and two species of Chamaecyparis, and to determine the ability of RAPD markers to cluster cultivars by taxonomic origin.
Materials and methods

Cultivars
Foliar samples of the following cultivars were collected: J. scopulorum 'Wichita Blue', 'Medora', 'Greenspire', 'Moffettii', 'Gray Gleam', 'Skyrocket'; J. chinensis 'Blue Alps', 'Alps', 'Fairview', 'Mountbatten', 'Iowa', 'Blaauw'; Chamaecyparis pisifera (Siebold & Zucc.) Endl.'Filifera Aurea'; and Chamaecyparis nootkatensis (D. Don) Spach. 'Pendula' (Table 1 ). All plant samples were taken from Sheridan nursery near Georgetown, Ontario, in July 1997. Although maps indicating cultivar locations were provided by the nursery, there was the possibility that these were mislabeled or misread.
DNA extraction
DNA was isolated from foliage using a sodium dodecyl sulphate (SDS) protocol (Dellaporta et al. 1983 ), but with polyvinyl pyrrolidone (PVP) added to the extraction buffer . Approximately 2 g of young foliage was dipped into liquid nitrogen and ground in a chilled mortar and pestle with 0.1 g of acid-washed sand. The ground tissue was placed into a 15-mL sterile tube and stored at -20°C. Approximately 100 mg of the ground tissue paste was placed into a 1.5-mL microcentrifuge tube with 400 µL of extraction buffer (100 mM Tris-HCl (pH 8.5), 50 mM EDTA, 1.4% SDS, 10 mM 2-mercaptoethanol, and 1% (w/v) PVP). The tube was mixed by hand and incubated at 65°C for 10 min. Then, 250 µL of 5 M potassium acetate was added, and the tube was shaken by hand and placed on ice for 30 min. After centrifugation for 10 min at 13 000 × g, the supernatant was transferred to a new tube, and 500 µL of isopropanol was added. The mixture was incubated at −°20 C for 30 min. The tube was spun at 13 000 × g for 15 min, and the pellet was washed with ice-cold 80% ethanol. The pellet was air-dried and then resuspended in 700 µL of TE buffer (50 mM Tris-HCl (pH 8.0), 10 mM EDTA). The suspension was spun at 13 000 × g for 10 min, and the insoluble debris was discarded. The DNA was further extracted with 700 µL of phenol-chloroform (1:1). DNA in the aqueous phase was precipitated with 75 µL of 3 M sodium acetate (pH 5.2) and 500 µL of cold isopropanol, and collected by centrifugation. The pellet was air-dried and then dissolved in 80 µL of TE buffer (10 mM Tris-HCl, 1 mM EDTA) and stored at -20°C. DNA was loaded onto a 0.7% agarose gel along with Lambda DNA-HindIII digest marker (Pharmacia, Baie d'Urfé, Québec). After electrophoresis, the gel was stained with ethidium bromide to determine the concentrations of the DNA extracts. DNA stocks were then diluted with autoclaved water to 1-10 ng/µL for DNA amplification.
RAPD primers
Eighteen decamer primers from the kits Nos. 2 and 3 of the U.B.C. Biotechnology Laboratory, Vancouver, B.C. (P116, P123, P131, P134, P138, P143, P153, P172, P184, P204, P212, P223, P227, P232, P234, P237, P239, P244) were screened for RAPD analysis. From these, seven were chosen (P116, P123, P131, P134, P138, P143, and P184 (Table 2) ) on the basis of strong banding patterns and polymorphisms between samples of the two juniper species.
DNA amplification
DNA amplification was performed in a 12.5-µL reaction mixture containing 1× PCR buffer (50 mM Tris-HCl, pH 8.5, 1.5 mM MgCl 2 , 50 mM KCl, and 0.1% Triton X-100), 200 µM of each dNTP, 0.4 µM of each primer separately, 1 U Tsg DNA polymerase (Biobasic, Scarborough, Ont.), and 1-10 ng template DNA. PCR was performed in a Perkin Elmer GeneAmp 2400 thermo- (Dirr 1983; Jacobson 1996; Krüssmann 1972; Ouden and Boon 1965; Welch 1991) .
cycler (PE Applied Biosystems, Mississauga, Ont.) with an initial denaturation step of 94°C for 5 min, followed by 40 amplification cycles of 94°C for 1 min, 37°C for 2 min, and 72°C for 2 min, and a final extension at 72°C for 5 min. Negative controls were included for each experiment to test for contamination. DNA amplification products were separated on a 1.5% agarose gel, and visualized under 300 nm UV light after staining with ethidium bromide. Each PCR reaction was repeated at least once.
Data analysis
RAPD bands were scored for presence or absence, and only fragments that were reproducible in at least two reactions were included for analyses. Positional homology of amplified fragments was assumed, and only polymorphic bands were considered in analyses. Similarity coefficients (S) between isolates were calculated using the formula S = 2N xy /(N x + N y ), where N x and N y are the number of fragments amplified in isolates X and Y, respectively, and N xy is the number of bands shared by the two isolates (Nei and Li 1979) . Similarity coefficients were converted to genetic distance using the equation: D = 1 -S. A genetic distance matrix was used to construct a dendrogram with the unweighted pair group method with arithmetric averages (UPGMA) method in the Neighbor algorithm of the Phylogeny Inference Package (PHYLIP, Felsenstein 1989) . These RAPD data were subjected to bootstrap analysis with 1000 replications using the program WINBOOT and selecting the Dice similarity coefficient (Yap and Nelson 1996) , which is the same as the similarity coefficient of Nei and Li (1979) . In addition, the RAPD data were subjected to principal component analysis using SAS ® PROC PRINCOMP, and a 3-D graph generated with PROC 3D.
Results and discussion
Out of 60 bands from seven RAPD primers, 42 were found to be polymorphic and used for analyses (Table 2) . UPGMA analysis (Fig. 1) and principal component analysis (Fig. 2) showed the relationships among taxa, and with both analyses, all cultivars correctly clustered within species. In the UPGMA analysis, high bootstrap values were found leading to the three major branches (J. scopulorum, J. chinensis, and Chamaecyparis species) indicating that in most bootstrap replications, the cultivars at the tips of each branch clustered together.
Compared with the two juniper species, the two Chamaecyparis species showed less genetic distance (Table 3) and grouped more closely in both UPGMA (Fig. 1) and principal component analysis (Fig. 2) . This higher level of similarity may have been exaggerated because of biases introduced during the selection of primers targeted to distinguish among juniper cultivars.
The two specimens of 'Skyrocket' were found to have a single band difference, which was less than the difference between any two other specimens. This difference may have resulted from an isolated mutation detected in one of the two specimens, or it may actually reflect the propagation of multiple lineages for a single cultivar. Another possibility was that this difference was an experimental artifact; however, the difference was reproducible.
One major disadvantage of RAPD markers is their anonymous nature and uncertainties over homology of bands. By treating bands of similar migration distance as homologous, errors can be introduced into the analysis. Fig. 1 . Phenogram of juniper and cedar cultivars using RAPD markers. Genetic similarity was calculated using the formula of Nei and Li (1979) and converted to distance where distance = 1 -similarity. Percentages from 1000 bootstrap replications (Yap and Nelson 1996) are shown near corresponding branches. Rieseberg (1998) found that nonhomology acted to reduce calculations of absolute similarity, but because nonhomology in their subjects (three species of Helianthus) were found to be random, the relative similarities remained the same. Furthermore, they found that principal coordinate analysis (which is very similar to principal component analysis) could resolve relationships between species of Brassica even after insertion of 20% random nonhomologous data. Adams and Rieseberg (1998) cite studies which showed that, within species, co-migrating bands were all found to be homologous; between species, 9 or 10% of bands were found to be nonhomologous; and between genera 20% of comigrating bands were not homologous. In UPGMA analysis, the low bootstrap value (58%) on the main branch leading to Juniperus indicated that some of the juniper specimens showed similarity to Chamaecyparis specimens (Fig. 1) . Calculation of genetic similarity between taxa (Table 3) implied that J. chinensis was as similar to C. pisifera as to J. scopulorum. It is, however, unlikely that J. chinensis is as closely related to C. pisifera as it is to J. scopulorum, and there are probably a greater number of co-migrating nonhomologous bands between C. pisifera and J. chinensis than between the two juniper species. Further testing with genetically characterized markers is needed to reveal the true genetic distances between Juniperus and Chamaecyparis cultivars.
The ability of single RAPD primers to distinguish among cultivars and species was also tested by analyzing RAPD data separately by individual primers. Most of the seven primers alone could not separate the two genera (Chamaecyparis vs. Juniperus) nor the two species of Juniperus (Table 2). However, two of the seven primers were able to distinguish among both genera and species in UPGMA analysis. Two other primers could distinguish between the two Juniperus species, but did not correctly place Chamaecyparis as the outgroup.
In conclusion, RAPD markers can be used to distinguish among cultivars of J. chinensis and J. scopulorum within and between species. Where the origin of a specific juniper cultivar is uncertain, analysis of genetic distance can pinpoint close relatives. For example, we were unable to trace the origin of the cultivar 'Alps', and initially considered it to be a misspelling of 'Blue Alps'. From our analysis of RAPD data, we found 'Alps' to be closer to 'Fairview' and 'Mountbatten' than to 'Blue Alps', and concluded that 'Alps' was not a misnamed specimen of 'Blue Alps'. Similarly, 'Wichita Blue' has an unknown origin, but it has highest genetic similarity with 'Medora'. Table 3 . Average genetic distance (calculated as 1 minus the similarity coefficient of Nei and Li (1979) ) in pairwise comparisons between Juniperus and Chamaecyparis cultivars from Sheridan Nurseries near Georgetown, Ontario.
